Abstract In cancer genetics, technological advances (next generation sequencing) and the expansion of genetic test options have resulted in lowered costs and increased access to genetic testing. Despite this, the majority of patients utilizing cancer genetics services lack diversity of gender, ethnicity, and socioeconomic status. Through retrospective chart review, we compared outcomes of cancer genetics consultations at a tertiary cancer center and a Federally Qualified Health Center (FQHC) (58 tertiary and 23 FQHC patients) from 2013 to 2015. The two groups differed in race, ethnicity, use of translator services, and type of insurance coverage. There were also significant differences in completeness of family history information, with more missing information about relatives in the FQHC group. In spite of these differences, genetic testing rates among those offered testing were comparable across the two groups with 74% of tertiary patients and 60% of FQHC patients completing testing. Implementation of community-based cancer genetics outreach clinics represents an opportunity to improve access to genetic counseling services, but more research is needed to develop effective counseling models for diverse patient populations.
Introduction
Cancer genetics is a field in which access to care has been disparate among different racial, ethnic, economic, and geographical cohorts (Allford et al. 2014; Anderson et al. 2012 ). In the USA, patients presenting to cancer genetics clinics have been predominantly European-American women from middleand upper-class families (Gao et al. 1997; Gao et al. 2000) . Financial, cultural, psychological, patient access, communication, and educational factors underlie some of the disparities observed in access to and utilization of cancer genetics services (Joseph and Guerra 2015; Kinney et al. 2010; Komenaka et al. 2016; McCarthy et al. 2016; Sherman et al. 2014) .
In studies that have evaluated barriers experienced by Latina, African-American, and European-American women undergoing genetic counseling and testing, patients from minority groups cited limited knowledge of genetic testing, lack of physician referral, lack of time, low priority due to good current health, fear of test results, and concerns about risks to children as deterrents to undergoing genetic testing (McCarthy et al. 2016; Thompson et al. 2002; Thompson et al. 2003; Vadaparampil et al. 2010) . Historically, lack of insurance coverage has been a major barrier to genetic testing (Komenaka et al. 2016; Olaya et al. 2009; Wideroff et al. 2003) . In one study of utilization of cancer genetics services by African-American young breast cancer survivors, access to this service was the major barrier associated with lack of genetic testing (Jones et al. 2016) . Next-generation sequencing (NGS) technologies as well as increased competition among genetic testing laboratories have driven down genetic testing costs leading to lower patient-pay options and increased insurance coverage including the establishment of contracts with Medicare and Medicaid. Patients who would previously have been turned away due to a lack of coverage and pricing may now have the option to pursue genetic testing. However, patients presenting for cancer genetics care continue to be largely from middle-and upper-socioeconomic groups, suggesting that other barriers persist for lower socioeconomic groups (Armstrong et al. 2015) .
The relative paucity of genetic data in non-European populations resulting from research and health care disparities has in parallel limited the clinical utility of genetic testing for minority patients (Manrai et al. 2016; Ricker et al. 2016) . Interpretation of test results from ethnically diverse patients has been notably difficult due to a disproportionately high number of uncharacterized genetic variants (Eccles et al. 2015) . Increasing uptake of genetic testing through multigene panels in minority patients is helping to fill the data and interpretation gaps so that the promise of genetic medicine can be more fully realized in these communities (Forman and Hall 2009; Hall et al. 2009; Hermel et al. 2017; Ricker et al. 2006) . Owing in part to existing barriers to genetic services, few studies have sought to characterize the process of genetic testing and outcomes of patients from diverse socioeconomic and ethnic backgrounds. Better understanding of the cultural perceptions, beliefs, and taboos can help in the development of targeted interventions and instruments aimed at improving uptake of testing by underserved women (Lee et al. 2005; Sherman et al. 2014) . Some researchers have suggested provision of genetic services in local community clinics as a strategy to reduce existing barriers to access, (Komenaka et al. 2016; Lee et al. 2005; Sussner et al. 2015) an approach that informs the current study.
In 2012, Dana-Farber Cancer Institute (DFCI), a National Cancer Institute designated cancer center, initiated a clinical outreach program called Community Cancer Program (CCP) within a Federally Qualified Health Center (FQHC) as part of a comprehensive initiative to address cancer disparities. The FQHC site is the Whittier Street Health Center, a primary care center in Roxbury, Massachusetts, with a long-standing mission to deliver high-quality care to vulnerable patient populations. Minority groups constitute nearly 95% of the FQHC population; 90% of patients are at or below 200% of the national poverty level; 100% live in public housing; and 43% of patients are best served in a language other than English (HRSA 2014). Since the services provided through the clinical outreach initiative are intended to comprehensively cover the spectrum of cancer-related diseases from prevention through survivorship, patients are not required to have a cancer diagnosis in order to obtain an appointment for consultation. Patients at the FQHC site are referred by their primary care providers for possible hereditary cancer susceptibility. By contrast, patients seen at the academic tertiary care center at DFCI for genetic evaluations are typically referred by a variety of health care providers (e.g., oncologist, surgeon, primary care, gynecologist) or are self-referred. A geneticist and a genetic counselor from DFCI's Center for Cancer Genetics and Prevention provide cancer genetics services at both sites.
While determinants of access and utilization of genetic services are exceedingly complex, this study aims to better characterize these factors to elucidate continuing obstacles to care, while exploring methods of improving access to cancer genetics services. To this end, we outline demographics, indications for referral, insurance coverage, risk assessment, and genetic testing outcomes of patients who received similar genetic counseling but who present from two distinct settings-patients seen at an academic tertiary cancer care center (hereafter referred to as Btertiary^) and patients seen at an outreach FQHC.
Methods Participants
This is a retrospective study of patients from the Dana-Farber Community Cancer Care Program collaborative with a FQHC and patients from DFCI's Center for Cancer Genetics and Prevention. The sample includes patients who were seen for genetic counseling and risk assessment between August 2013 and May 2015 by the same genetics team at the two centers. Inclusion criteria are outlined in Fig. 1 .
Procedures
Following approval by the DFCI Institutional Review Board, clinical data from all initial and follow-up visits to the two clinics were collected retrospectively from electronic medical records. Overall, 29 records from the FQHC group and 182 records from the tertiary group were reviewed. All patients at both sites met with a certified genetic counselor followed by a cancer geneticist, in two back-to-back visits. A threegeneration pedigree was captured in-person, during the visit with the genetic counselor. The genetic counselor's visit focused on counseling the patient about the benefits and limitations of genetic testing, psychosocial concerns surrounding genetic testing, and consenting to the appropriate genetic test. The geneticist's visit focused on recommendations for screening, prevention, and cancer risk reduction. The hand-drawn pedigree was later entered into Progeny. All patients at both sites had access to interpreter services. An in-person interpreter was used when English was not the patient's preferred language. 2013/2014 National Comprehensive Cancer Network (NCCN) guidelines and insurance coverage were used to determine which of the patients met criteria for genetic testing. Specific NCCN guidelines for hereditary breast and ovarian cancer (BRCA1/BRCA2), Lynch syndrome, and familial polyposis were used (Burt et al. 2013; Daly et al. 2014; NCCN 2013) . Patients not meeting NCCN guidelines were categorized as Blow-risk^by the genetics team.
In both groups, as per standard practice at the time of testing, patients with living relatives in the USA who would be more informative genetic testing candidates were asked to encourage their relatives to pursue genetic testing. Therefore, some patients who met NCCN or other guidelines for testing were not recommended to have testing. Likewise, patients who provided vague family histories of cancer were asked to clarify the cancer history if the relative was living, regardless of that relative's country of residence. For example, if Bfemale cancer^was reported in a living relative, the patient was asked to clarify with their relative whether the cancer was cervical, endometrial, or ovarian in origin. All patients were provided with a business card including the phone number and e-mail address of their genetic counselor, whom they were asked to contact with updated information.
Information including patient demographics, three generation pedigree, personal and family cancer history, hormonal risk factors, risk assessment, genetic testing uptake, and results was systematically extracted through serial review by a genetics clinical research coordinator at the time of the analysis. Lifetime risks of breast cancer and colorectal cancer, as well as probability of carrying a predisposing genetic mutation, were calculated using the Tyrer-Cuzick, BRCAPro, and MMRPro models (Bondy and Newman 2003; Huo et al. 2009; Mercado et al. 2012; Parmigiani et al. 2007; Tyrer et al. 2004; Vogel et al. 2007 ). Questions about data extraction were answered by genetic counselors and the geneticist. Incomplete information about first-degree relatives had two components: BMissing Information^was noted when no information was known about a first-degree relative. BUnknown cancer^was noted when a patient either did not know whether their relative had cancer or when the patient did not know the relatives' cancer type.
Data analysis
First, we descriptively summarized cancer and genetic testing histories for all patients who received genetic counseling. Due to substantial imbalance between the two cohorts with respect to these histories that would impact genetic testing outcomes, comparative analyses between the two cohorts were limited to patients who met the following criteria: they had no current or prior history of cancer, had family history of breast, ovarian, and/or colorectal cancer, had not had prior genetic testing, and did not have a previously identified mutation in a cancer predisposition gene in family members (see Fig. 1 ). For the comparison cohorts, patient demographics and results of risk assessment were summarized descriptively. Baseline demographics, referral indications, and genetics evaluation outcomes (risk assessment, uptake of genetic testing, completeness of family history, and test results) were compared between the FQHC and tertiary patient cohorts by Fisher's exact test for categorical variables and the Wilcoxon rank-sum test for continuous variables. For the risk assessment and genetic testing outcomes, we calculated absolute differences between groups with 95% confidence intervals. Statistical analyses were conducted using Stata 13.1 (StataCorp, College Station, TX).
Results

Demographics
We initially identified 182 patients at the tertiary center and 29 at FQHC who received genetic counseling. While 41 patients (23%) at the tertiary center were being seen for a known familial mutation, none of the FQHC patients reported this history. Additionally, 21 patients (12%) at the tertiary center had undergone prior limited genetic testing vs. none of the FQHC patients. The subsequent analyses focused on genetics risk assessment outcomes of 58 tertiary and 23 FQHC patients without prior personal history of cancer or known familial cancer syndrome. The cohorts were mostly female (87% FQHC, 90% tertiary) with similar median ages (43 years, FQHC; 41 years, tertiary). Their indications for referral to genetics were also similar (Table 1) . It is important to note that the breast/ovary cancer family history and colorectal cancer family history are not mutually exclusive categories.
The two cohorts differed markedly in race/ethnicity, type of insurance coverage, and use of interpreter services. The FQHC cohort was mostly Hispanic (57%) and Black (26%) with no known Ashkenazi Jewish (AJ) ancestry. The tertiary cohort was 74% non-Hispanic White (p < 0.001), and 14% reported AJ descent. Thirteen (13) percent of the FQHC cohort had private insurance (non-Medicaid/Medicare) while 81% of the tertiary cohort had private insurance (p < 0.001). More FQHC patients required the services of a medical interpreter than did tertiary patients (22 vs. 2%, p = 0.006).
Family history completeness and risk calculations
The tertiary and FQHC groups differed in completeness of family history (Table 2 ). In the FQHC cohort, 30% (7/23) were missing information about first-degree relatives compared to 3% (2/58) of the tertiary group (p = 0.002). Seventeen (17) percent of the FQHC patients did not have any information about their paternal family history. Thirteen (13) percent of the FQHC patients did not know the type of cancer diagnosed in a first-degree relative. Completeness of family history was independent of interpreter use (see below).
In the tertiary group, 81% of patients (47/58) met NCCN guidelines for genetic testing, while 74% (17/23) of patients in the FQHC group met these guidelines. The FQHC group had lower calculated risk of carrying a mutation in a cancer predisposition gene and concomitantly lower calculated lifetime risk of breast cancer than the tertiary group based on TyrerCuzick (median breast cancer risk was 15.0 vs. 24.6% p = 0.005) and BRCAPro (median risk 8.2 vs. 11.3%, p < 0.001). There were no significant differences in MMRPro scores (for mutation likelihood or colorectal cancer risk) between the groups.
Genetic testing process and results
Genetic testing was recommended less often among patients in the FQHC setting (10/23, 43%) than those in the tertiary setting (34/58, 59%), although this difference was not statistically significant (absolute difference between groups = 16%, 95% CI -39, 9%). For both cohorts, the most common reason for not recommending genetic testing to the patient was that there was better candidate for testing in the family. Of the 20 patients in the tertiary group who did not have testing because their relative was a more informative genetic testing candidate, 30% (n = 6) of these patients had their relative complete genetic testing with our group. None of the relatives of patients in the FQHC group who were deemed to be better candidates for genetic testing completed genetic testing with our group. It is not known whether they pursued testing elsewhere. Two FQHC patients (15%) were asked to clarify family history prior to testing; neither of these patients returned to clinic for genetic testing or provided additional details about their family history. A similar percentage of patients in each group were not offered testing due to the patients being categorized as Blowrisk^(not meeting NCCN guidelines for genetic testing). None of the two low-risk FQHC patients and the four tertiary low-risk patients were missing family history information on first-degree relatives. Nor did any of the low-risk patients across both groups require an interpreter.
In both groups, genetic testing was completed for the majority of patients for whom it was recommended (60% FQHC (6/10) and 74% tertiary (25/34), p = 0.45). Among those who did not complete testing, four of the ten patients in whom we recommended testing in the FQHC cohort were unable to do so because of insurance or cost considerations only. Of the nine tertiary patients who did not undergo testing, four were due to insurance or cost considerations only and five wanted to take more time to consider testing. None of the four patients in the FQHC cohort and none of the four patients in the tertiary group who declined genetic testing because of insurance or cost considerations ended up pursuing genetic testing through our clinic. Of the five tertiary patients who wanted more time to consider testing, none ended up pursuing genetic testing through our center; however, two of the patients did make follow-up appointments with their genetic counselor for further discussion.
While none of the six FQHC patients were found to carry a pathogenic or likely pathogenic mutation, 20% (5/25) of patients from the tertiary group tested positive (mutations were identified in BRCA1, CHEK2, MLH1, and PMS2). Two (2) individuals in the FQHC cohort had variants of uncertain significance, both self-identified as Black. Six (6) individuals in the tertiary cohort had variants of uncertain significance. Among these, five (5) self-identified as non-Hispanic White while one described herself as multiracial (Table 3) .
Discussion
This analysis provides insight into the genetics risk assessment and testing outcomes between two distinct cohorts. There were important differences in indications for genetics referral among the unaffected patients referred for evaluation.
Patients from the tertiary group were more likely to have already had some prior contact with cancer genetics services than those from the FQHC cohort, as indicated by having had prior genetic testing for themselves or a family member. These differences, evident at the outset, necessitated limitation of the analysis to a smaller subset that was comparable across both practice settings. While the two groups differed with respect to race, ethnicity, insurance coverage, and use of interpreter services, for patients in both groups, genetic testing was recommended at similar rates. The majority of patients in both groups who were recommended testing and desired it were able to complete it, perhaps indicating a shift towards improved access to genetic testing. Patients in the FQHC group were statistically less likely to have complete family history information than those in the tertiary group, with the most pronounced differences in information about the paternal lineage and the types of cancer diagnosed in first-degree relatives. This is consistent with previous data indicating that sensitivity of family cancer history is lower in Latinas and Spanish-speaking persons than other groups (Mitchell et al. 2004; Murff et al. 2004; Vadaparampil et al. 2006) . While community outreach efforts may help to inform patients about the value of accurate family history information, providers must recognize the obstacles that patients face in attempting to obtain this information. Leaving cultural factors aside, logistical challenges for these patients are daunting. For example, in the FQHC group, many patients had relatives living outside the country, often precluding them from gathering medical records about family cancer diagnoses. Although in many situations it would be advisable for a patient's affected relative to undergo genetic testing first, for relatives living abroad, this was generally not possible due to limitations in international access to cancer genetics services. Likewise, when one of the patient's parents had not been a part of the family unit or was not known to the patient, there was no reasonable way to obtain health information from that side of the family for inclusion in cancer risk assessment. This was a substantial problem as 30% of the FQHC patients were missing information about first-degree relatives.
Half of the patients in the study were offered genetic testing. The most common reason for not recommending genetic testing was the existence of a Bmore informative^relative in the family who was available to test (i.e., an individual living nearby with a young diagnosis of cancer). Another frequent reason was that the patient was considered low-risk based on the risk models used and on the NCCN genetic testing guidelines. While not observed in these data, missing information about family history of cancer can certainly contribute to why some individuals do not meet testing criteria. We acknowledge that genetic testing practices across the country have changed since 2013 when many of these patients were seen. A recent and widespread trend towards testing the patient who presents to clinic, rather than waiting for the more informative relative who may never come in for evaluation, has subsequently emerged. Given that this analysis focused mainly on patients without personal diagnoses of cancer, fewer patients were considered high-risk, which meant that fewer patients were recommended to undergo genetic testing at that historical time.
While no disease-causing mutations were identified in the FQHC group, two patients in this group were found to have variants of uncertain significance. More genetic data is needed on minority patients to fill the interpretation gaps so that the genetic testing can be utilized more effectively in these communities Hermel et al. 2017; Manrai et al. 2016; Ricker et al. 2016) . We found that setting expectations regarding the likelihood of indeterminate or uninformative results in the pretest setting was useful as the interpretation of test results from non-European patients can be difficult due to a high number of uncharacterized genetic variants. These data must be interpreted in the context of the study design. The small sample size of patients in the FQHC cohort limits the generalizability of this study. More data are needed on this population and other underserved populations. A complication of quantitative risk assessment for FQHC patients is that these models generally have not been fully validated in non-European populations. The lack of information about family history in the FQHC group may further represent a differential misclassification of these patients resulting in the lower cancer risk estimates generated by some models for FQHC patients than tertiary patients. There is a sampling bias in our study given that we were only able to compare the patients that presented to genetics. However, this applies to both the FQHC and tertiary cohorts, as we did not capture the patients who may have been referred but did not present to clinic. Another limitation was that patients in the FQHC group were referred by their primary care provider and thus, in most cases, did not have personal histories of cancer. This necessitated limiting the analysis to patients without personal histories of cancer in the tertiary cohort.
We have outlined a number of challenges in the provision of cancer genetics care in the community setting. Our experience suggests that some modifications in the model of care may be necessary to best meet the needs of this patient population. Some considerations, such as availability of medical interpreters and provision of culturally sensitive care, are self-evident and well-studied (Joseph and Guerra 2015; Wiggins and Middleton 2013) . Others may be less so. For example, direct genetic testing for an unaffected individual may be appropriate more often in the community setting than in the tertiary setting due to lack of access to relatives. Providers may also consider whether to offer genetic testing at a lower risk threshold for community patients in recognition of the high frequency of incomplete family histories and concomitant possibility of underestimation of risk by widely used models (Huo et al. 2009 ). In offering genetic testing in the community setting and perhaps in all settings, it may be reasonable to rely less on quantitative risk models and more on traditional pedigree assessment, diagnostic criteria, consideration of social and familial circumstances, and clinical judgment.
It is important to note that in a clinic where all patients are referred by their primary care provider, that provider significantly influences which patients present to the specialty clinic. This highlights a need for provider education about when a referral to genetics may be appropriate. Increased education will broaden the types of patients seen in genetics clinic.
Additionally, in community clinics where a great amount of trust is built between a patient and their primary care provider, having a referral from that doctor to a specialty clinic is very likely to increase the patient's comfort in going through with the appointment (Delikurt et al. 2015; Jones et al. 2016) . Also of note is that no patients in the FQHC group were referred due to a known mutation in their family. However, 41 patients in the tertiary group were referred for this reason. This disparity suggests that there may be differences in family information sharing between these two groups, or that the patients in the FQHC group may not have thought to mention this to their doctors. Future studies could investigate the factors behind this difference and whether physicians are less likely to refer patients to genetics for this indication. Another possibility is that the affected family members are part of health care systems with limited access to genetic testing and have not been tested or are in countries where access to testing is even more limited.
Given the many socioeconomic barriers faced by patients in community clinics, a more traditional, multi-visit approach, in which the more informative relatives are contacted, is unlikely to result in the completion of genetic testing in these families. In this study, several of the family members of the tertiary patients who were recommended to have genetic testing ended up following through with genetic testing. However, none of the relatives of the FQHC patients pursed genetic testing through our clinic. This difference further highlights differences in access between these two cohorts. Therefore, we propose that testing of the patient presenting to clinic may be appropriate particularly in community clinics, where loss to follow-up may be more common. This, of course, requires extensive counseling on the lack of utility of negative genetic test results in a person not affected by cancer. Our experience also indicates that more intensive followthrough may be necessary with insurers to assure coverage for genetic testing under Bnon-traditional^circumstances such as incomplete family history.
Further study is needed to determine how access to genetics services changes, and what barriers remain, as genetic testing costs continue to decrease and insurance coverage improves. Larger studies and longer follow-up are needed to evaluate the impact of community-based programs in providing equitable access to genetic counseling and testing. Only then can the downstream effects of genetic counseling and testing (including family member/cascade testing and access to personalized cancer prevention and early detection strategies) be fully evaluated. In a study investigating non-inferiority of telephone genetic counseling vs. in-person genetic counseling, minority women who underwent telephone counseling were less likely than their White counterparts to undergo genetic testing (Butrick et al. 2015) . This suggests that one approach may not be appropriate for all populations and genetics care needs to be delivered with thoughtful consideration of the target population. While not an issue in these data due to the small number of visits requiring translator services, there is increasing interest in the study of optimal use of interpreter services in patient-genetics interactions (Joseph and Guerra 2015; Wiggins and Middleton 2013) . Exploration of novel counseling, risk assessment and genetic testing models based in the community and in partnership with community providers is needed.
